it is intended as an evidence-based public health policy, most of the funds support programs for demographically high-risk subgroups that have demonstrated efficacy in small randomized controlled trials.
2---4 A meta-analysis 5 of impact studies revealed empirical support for home visiting as a vehicle to reach proximal goals of providing emotional support for parents after birth, improving parenting behavior, and connecting families with individualized community resources to achieve distal impact on reducing emergency medical care. Although these programs are promising, no home-visiting program has ever scaled up successfully to demonstrate population impact on public health, despite the Institute of Medicine mandate to move from basic science to efficacy trials to effectiveness trials to population dissemination. 6 To our knowledge, we describe the firstever randomized controlled trial of a brief, postpartum universal nurse home-visiting program at the population level.
Scaling up for population impact encounters at least 4 challenges. First, home-visiting programs are rarely designed or evaluated for universal reach during a randomized controlled trial (e.g., Nurse-Family Parnership 2 limits itself to demographically high-risk, primiparous mothers who voluntarily enroll in the 2nd trimester, a group that accounts for less than half of all maltreatment cases). Second, as programs scale up, penetration and retention often decline (e.g., 40% of targeted groups never enroll, 7 and participant dropout after enrollment is 50%---67% 8 ). Third, when a program is scaled up, 9 quality and fidelity typically degrade as much as 50%. Finally, programs presume sufficient community capacity to meet families' needs during a scaled-up dissemination.
Impact depends on the home visitor's ability to find community resources for a family. 10 If a program is implemented during a small randomized controlled trial, the family gains a competitive advantage over nontreated families in accessing fixed-sum resources, but when brought to scale, families' needs might exceed community capacity to provide services, lowering net impact on child outcomes. The Maternal, Infant, and Early Childhood Home Visiting Program legislation recognizes the importance of community capacity by requiring that programs address "improvements in the coordination of referrals for, and the provision of, other community resources and supports for eligible families." 1(p219) These referrals should be based on an individualized assessment of the family. To our knowledge, no program has systematically attempted to improve community capacity. We report the development, implementation, and impact evaluation of a brief postnatal nurse home-visiting program called Durham Connects that was delivered universally in a mid-sized community with a high rate of poverty. We hypothesized that Durham Connects would achieve its aims to (1) reach most birthing families in the population, with high fidelity of implementation at reasonable cost; (2) improve the family's connections to individually matched ongoing community resources based on assessed risk and need; (3) improve parenting and family functioning; and (4) improve infant public health outcomes cost beneficially. We report evaluation of aims 1 and 2 through implementation findings and cost analyses and evaluation of aims 3 and 4 through random assignment of all births over an 18-month enrollment period and in-home interviews with a random, representative subsample of families with infants aged 6 months.
County, North Carolina, from the 2 hospitals serving the community (1 community hospital and 1 academic tertiary care hospital) were randomly assigned according to birth date, with families of infants with even birth dates assigned to receive Durham Connects and families of infants with odd birth dates assigned to receive services as usual. We evaluated implementation for all 2327 even birth-date families.
We selected a random subsample of the 4777 families to evaluate impact 6 months after infant birth. Sample size was based on statistical power analyses. Following Cohen 11 and using G*Power software (version 3.1; Institute for Experimental Psychology, Heinrich Heine University Dusseldorf, Germany), 12 we performed power analyses that, estimating at least .80 power and a significance level of .05, indicated that a sample of 549 was sufficient to detect hypothesized effects: an effect size of .21 for continuous variables and a 9% difference for dichotomous variables. We used a computer algorithm with publicly available birth records to randomly select 1 infant per birth date across the enrollment period. These families were contacted when the infant was aged 6 months to participate in an institutional review board---approved study of infant development. Interviewers were blind to intervention status, and families were blind to any relation between the interview and Durham Connects. Nonconsenting families were replaced by a randomly selected same-ethnicity family with an infant of the same birth date. We initially selected 682 families, of whom 549 (80.5%) participated, 1 per birth date across the enrollment period. Eighteen families were subsequently determined to be ineligible because of hospital discharge record errors (e.g., incorrect child birth date), resulting in a final selection sample of 664 families, of whom 531 (80.0%) participated.
Durham Connects Program
In response to the challenges we have noted, Durham Connects was designed for populationlevel implementation from the outset. It was piloted for 3 years with iterative improvement before testing by a randomized controlled trial. We learned that, to be implemented at scale with high fidelity, a program must be short term, inexpensive, community owned, and aligned with community service providers. To reach a high proportion of families and to have population impact, a program must be delivered universally so that families do not perceive that participation stigmatizes them as poor or risky and to maximize community acceptance. However, it must also use funds efficiently. Durham Connects engages every family but rapidly triages and concentrates resources on families with assessed higher needs. Durham Connects begins with a recruitment session at the birthing hospital; continues with home visits to provide brief intervention, assess longer-term needs, and connect a family with community resources to provide ongoing support; and concludes with a follow-up session 1 month later. Letters from the program also connect families to maternal and infant health care providers for ongoing support.
Durham Connects was implemented jointly by the Durham County Health Department and Duke University. It is a highly structured program (manual available by request from K. A. D.) that consists of 4 to 7 scripted intervention contacts, beginning with consent during a birthing hospital visit when a staff member communicates the importance of community support for parenting, 1 to 3 nurse home visits when the infant is aged between 3 and 12 weeks, 1 to 2 nurse contacts with a community service provider, and a staff member telephone or home follow-up 1 month later.
During the first home visit, the nurse's tasks are to engage the mother and father (when possible), use a high-inference approach to assessing family risks on 12 factors related to child well-being, provide brief educational interventions organized as 20 teaching moments, offer extended education in areas specific to assessed parent needs (e.g., lactation, crying, baby blues), and facilitate connections to community resources relevant to assessed family needs.
To evaluate a family's unique risks, the nurse assessed and scored health and psychosocial risk in each of 12 empirically derived areas in 4 domains known to predict child well-being:
(1) parenting and child care (child care plans, parent---infant relationship, and management of infant crying); (2) family violence and safety (material supports, family violence, and past maltreatment); (3) parent mental health and well-being (depression and anxiety, substance abuse, and emotional support); and (4) health care (parent health, infant health, and health care plan). The nurse scored and responded to risk separately in each area on a 4-point scale. A family with a score of 1 (low risk) in a particular area received no subsequent intervention. A family with a score of 2 (moderate risk) received short-term nurse-delivered intervention on that particular topic over 1 to 3 sessions. A family with a score of 3 (high risk) received a connection or referral to community resources tailored to address the particular risk. The nurse and intervention support staff members not only made a referral, they also followed up to make sure that each connection endured, requiring a possible additional 1 to 2 contacts. A family with a score of 4 (imminent risk) received emergency intervention. A final session 4 weeks after the nurse had completed the case ascertained whether the community connection continued, whether further problem solving was needed, and whether the family was satisfied.
Two community advisory boards monitored rates of family needs and experiences with services over time to improve community service capacity. Agencies signed a memorandum of agreement to follow a preventive system of care, 13 requiring collaboration across agencies, family-centered service delivery, and building a continuum of care. We estimated the per-family cost of the intervention from budget allocations that included salaries and benefits of intervention staff members and supervisors, local travel reimbursements, and office and supply costs. It does not include in-kind and reallocated time from community agencies. Intervention cost was estimated at $700 per birth.
Intervention Quality Control
The intervention program was manualized and delivered consistently across families. Adherence to protocol as specified in the manual was assessed by having an independent expert accompany the nurse or listen to an audiotape of a home visit for 116 randomly selected families (7% of the total of 1594 families). From a list of necessary program elements, the expert checked adherence (or not) to each model element. The expert also scored risk for each of the 12 domains.
Dependent Variables at Age 6 Months
We reviewed hospital records and conducted interviews with the participating representative sample of 531 mothers. Instruments can be found at http://sites.duke.edu/psid/interviews. Interviewers were not told whether a family participated in Durham Connects, and families were not told of any relation between the interview and the Durham Connects program. Interviews took place in mothers' homes at prearranged times for compensation of $50.
Health care domain. We obtained administrative records from the 2 hospitals at which all resident births occurred after mother consent. For each infant, we tallied the number of emergency department (ED) visits since initial hospital release and the number of overnights in the hospital for non---birth-related medical care. ED visits were counted as the number of unique visits to the ED; hospital overnights were tallied as the number of nights the infant spent in the hospital. The sum of these 2 figures constituted the primary outcome variable, the total number of emergency medical care episodes.
Mothers independently reported their infant's number of emergency medical visits to any hospital, urgent care center, or physician in the past 3 months. Mothers also reported the infant's number of overnights in any hospital for non---birth-related medical care in the past 3 months. We coded these variables in the same manner as the corresponding variables on the basis of administrative records. Finally, we calculated the total number of motherreported emergency medical care episodes by summing these 2 variables. Mother reports included care at any facility, so these scores might validly differ from the scores obtained from the 2 major hospitals.
Mothers also reported the date of the most recent well-baby primary care visit. We recoded responses as 0 (more than 1 month ago) or 1 (within the past month).
Community connections. Following prompting regarding major resources, mothers were asked to name all of the community resources that they had used in the past 3 months, including professional, paraprofessional, and informal resources, which was the primary measure of the program's proximal goal to improve community connections.
Parenting and child care domain. Mothers completed standard reliable and valid questionnaires assessing their parenting behaviors and knowledge, including the MotherChild Neglect Scale, 14 the Parent-Child Con- 17 We scored the following 5 variables: positive parenting behaviors (7 items, e.g., "comforted infant"), negative parenting behaviors (10 items, e.g., "shouted at infant"), knowledge of infant development (10 items, e.g., "6-month-olds know what 'No' means"), parenting sense of competence (17 items, e.g., "being a parent makes me tense and anxious"), and father---infant relationship quality (whether the biological father was involved with the infant; 10 items, e.g., "hugs or shows physical affection toward child"). Trained in-home interviewers, blinded to intervention status, completed the 18-item Responsivity and Acceptance subscales of the Infant---Toddler Home Observation for Measurement of the Environment, 18 providing an independent rating of mother parenting quality. Mothers completed a brief questionnaire 19 on nonparental child care use (no vs yes) and, if the infant had been placed in regulated child care, the child care center's star rating (based on North Carolina's 5-star rating system). 
Statistical Analysis
We conducted analyses using SAS version 9.2 software (SAS Institute, Cary, NC) with a 2-tailed intent-to-treat design that included all randomly assigned interviewed families without regard to intervention adherence. Probability levels of less than .05 were called significant. We used ordinary least squares regression models and multinomial logistic regression models to estimate the impact of random assignment to Durham Connects on continuous and categorical outcomes, respectively. We used Poisson regression models for count variables with skewed distributions. 25 Models included covariates of family Medicaid status (0 = no, 1 = yes) at birth and at age 6 months, mother race/ethnicity (0 = nonminority, 1 = minority), single-parent household status (0 = no, 1 = yes), and any birth complications (0 = no, 1 = yes), including maternal health conditions affecting the fetus or newborn, birthing events affecting the fetus or newborn, infant injuries resulting from birth trauma, and fetal or infant distress. We calculated intervention effect sizes as ð1Þ mean intervention Àmean control ð Þ =average SD:
RESULTS
We compared the 664 computer-selected families with the full population on 13 variables available from hospital birth records (Table 1 for group means). These families significantly (P < .05) differed from the population on only 1 variable, infant gender (selected families were more likely to have male infants). Next, we compared the 531 participating families with the full population on the same 13 variables and found only 1 significant difference (interviewed families were more likely to be insured by Medicaid or to be uninsured). Interview participation rates did not differ between intervention (81%) and control (79%) families. Finally, we tested whether intervention and control groups differed on the 13 variables and found only 1 significant difference (infants in the control condition were more likely to have had birth complications). We included gender, Medicaid status, and birth complications as covariates in subsequent analyses.
Implementation
Penetration (program completion rate). Of the 2327 even-birth-date families, 1863 (80.0%) consented and participated in the first intervention session. Of those 1863 families, 1596 (85.8%) completed the entire program (net completion = 69%). Of the 1596 participating families, 40% (n = 638) were White, 37% (n = 591) were Black, and 23% (n = 367) were other or multiracial; 26% (n = 415) reported Hispanic ethnicity. Sixty-two percent (n = 990) received Medicaid or had no health insurance; 44% (n = 709) were married.
Fidelity (adherence to protocol). Observer-rated adherence to the manual was 84% (5267 of 6304 program elements checked), which is judged to be high. Interrater agreement on scoring of risk yielded a mean j coefficient across nurses of 0.69 and across the 12 risk factors of 0.68 (coefficients > 0.60 are considered substantial 26 ). Risk assessment, intervention, and family consumer satisfaction. Of 1596 families, 50 (3.1%) stopped assessment because of family choice. Of the 1546 assessed families, 15 (1%) scored 4 at least once, indicating the need for immediate emergency intervention; 681 (44%) scored 3 (but not 4) at least once, indicating serious risk best served by referral to a community agency provider; 757 (49%) received a 2 (but not a 3 or 4) at least once, indicating mild to moderate risk that was addressed by brief nurse intervention during home visits; and 93 (6%) received the lowest need score (1) in all 12 domains.
Nurses implemented a mean of 13.8 teachings (of 20 possible) with each family. Nonimplementation occurred because of nurse judgment that a teaching was unnecessary, time constraints, or neglect. During follow-up contacts, families reported that a successful connection had been established with the community service provider for 60% (1009/1671) of referrals, and community services had already been received for 39% (651/1671) of the total. Families reported the following aspects to be helpful (vs not helpful): materials provided by the nurse (diapers, thermometer, books, and so on; 99%; 820/832); discussion with the nurse about the mother's needs (98%; 812/830); and nurse teachings (95%; 792/830). Almost every mother indicated that she would recommend the visit to another new mother (99%; 818/828).
Impact Evaluation
Infant health care. Group means for all variables are found in Table 2 , and regression analyses are summarized in Table 3 . In multivariate Poisson regression models using administrative records, random assignment to Durham Connects (Durham Connects families) was significantly associated with a mean of 0.91 fewer overall emergency medical care episodes than the control group (95% confidence interval [CI] = -1.13, -0.69; P < .001; effect size = 0.26). Inspection of the group distributions indicated that Durham Connects and control families did not differ in the proportions who had no emergency care episodes (0.742 vs 0.723, respectively), but groups did differ in the proportions having 2 or more episodes (0.096 vs 0.151, respectively) and 3 or more episodes (0.031 vs 0.085, respectively).
Analysis of the timing of emergency care episodes as depicted in Figure 1 fewer ED visits (95% CI = -0.43, 0.15) and a mean of 1.91 fewer overnights in the hospital (95% CI = -2.31, -1.50; P < .001; effect size = 0.25).
In multivariate Poisson regression models, random assignment to Durham Connects was also associated with a mean of 0.40 fewer mother-reported overall emergency medical care episodes (95% CI = -0.57, -0.24; P < .001; effect size = 0.21). Inspection of group distributions indicated that Durham Connects and control families did not differ in the proportions reporting no emergency care episodes (0.499 vs 0.513, respectively), but they did differ in the proportions reporting more than 1 episode (0.212 vs 0.251, respectively) and in the proportions reporting more than 2 episodes (0.088 vs 0.129, respectively). Durham Connects families reported a mean of 0.17 fewer emergency medical outpatient visits (95% CI = -0.35, 0.02; P = .07) and a mean of 1.60 fewer overnights in the hospital (95% CI = -2.09, -1.11; P < .001; effect size = 0.20). Families did not differ in the time since the last well-baby pediatric visit.
Community connections. Multivariate ordinary least squares regression models revealed that Durham Connects families accessed 0.86 more community resources than did control families (95% CI = 0.51, 1.21; P < .001; effect size = 0.28).
Parenting and child care. Durham Connects mothers reported more positive parenting behaviors than did control mothers (B = 0.10; 95% CI = 0.03, 0.17; P < .01; effect size = 0.25); we found no significant differences in negative parenting behaviors, knowledge of infant development, sense of parenting competence, father---infant relationship quality, or blinded in-home observer ratings of parenting quality.
We found no group difference for the likelihood of placing an infant in out-of-home child care but, contingent on receipt of out-ofhome child care, the quality of that care was higher for Durham Connects families than for the control families (B = 0.66; 95% CI = 0.30, 1.02; P < .001; effect size = 0.86).
Family safety. Blinded in-home observers rated the home environment quality as significantly higher for Durham Connects families than for control families (B = 0.21; 95% CI = 0.01, 0.40; P < .05; effect size = 0.22). No difference was reported for the partner relationship conflict score.
Maternal mental health. Multinomial logistic regression models revealed that Durham Connects mothers were less likely to report possible clinical anxiety (odds ratio = 0.65; 95% CI = 0.43, 0.97; P < .05; 29.5% for control and 21.2% for DC mothers). They were not less likely than control mothers to report possible depression (11.8% for control mothers and 7.7% for Durham Connects mothers) or substance use problems (6.3% for control mothers and 4.6% for Durham Connects mothers).
Benefit---cost analysis. Using findings on emergency medical care, we estimated costs using published rates that indicate a local average of $423 per emergency outpatient visit and $3722 per hospital night. 27 Using the group means of hospital records reported in Table 2 and these dollar costs, one can apply a standard formula for the ratio of the costs of an intervention to the benefits that accrue 28 as follows:
in which BCR DC is the benefit---cost ratio that accrues from random assignment to the Durham Connects program, OC OBD is the output 
DISCUSSION
The Durham Connects program offers a novel, feasible, and effective public health policy for families of newborn infants. It combines a top-down commitment by community agencies to align services according to a preventive system of care model with an individually administered, brief nurse home-visiting program that aims to reach every family. This approach solves the paradox of being universal but also tailored to individual family needs by triaging families into community services on the basis of brief individualized assessments. Findings indicate that when this program is implemented at scale, it is successful in penetrating most of the community with high fidelity and high consumer satisfaction at an affordable cost ($700 per birth).
To our knowledge, we report the first known randomized controlled trial of universal infant home visiting implemented with an entire population of families. Impact findings based on hospital records (independently validated by parent reports) indicate that random assignment to the Durham Connects program at birth has a dramatic positive impact on reducing infant emergency health care outcomes. The impact begins immediately after the intervention and more than doubles in size by age 6 months.
Other findings support positive impact in other domains. The program was effective in its proximal goal of improving a family's connections to community resources. The program also improved family well-being, specifically positive parenting behavior, the quality of father involvement, the quality of out-of-home child care, family safety, and maternal mental health. The program's logic model had asserted that improving connections to community resources would improve family well-being, which in turn would lead to less emergency health care utilization. Future articles will examine whether this mediation pattern held. Marital relationship conflict = (total relationship conflict -total relationship negotiation).
Effect sizes for emergency care are in the modest range, but they are similar to those of longer and more expensive targeted homevisiting programs 2---4 that have proven cost beneficial, and they are within the range of effect sizes on parenting behavior for programs involving at least 1 postnatal visit, as reported in a meta-analysis. 5 The current cost---benefit analysis suggests that the birthing hospital could recoup program costs 3 times over by age 6 months. Given new Affordable Care Act---mandated penalties to hospitals when patients are rehospitalized prematurely, the cost---benefit ratio for the hospital should improve in future implementations. Findings are limited by the implementation of Durham Connects in just 1 community. Findings are also limited to the infant's first 6 months of life. Future studies will follow up on these findings by extending cost analysis further into the infants' lives and more broadly to other domains to see whether even larger savings accrue across development or costs are simply deferred or shifted. Additional population outcomes will be assessed, including reports to Child Protective Services.
Future analyses will address the moderation of findings across subgroups within the population and the mediation of distal impact on health care services outcomes through proximal impact on community connections and family well-being.
We conclude that a brief, universal, postnatal, nurse home-visiting program can be delivered to most of the population with high fidelity, increase a family's community connections, and have a positive impact on infant health and well-being. Finally, we conclude that a public policy of universal implementation could be cost beneficial for a community. j
